An update of the searches for charginos and neutralinos in DELPHI is presented, based mainly on recent data collected at centre-of-mass energies of 161 GeV and 172 GeV. No signal is found. For a sneutrino with mass above 300 GeV/c 2 and a mass difference between the chargino and the lightest neutralino above 10 GeV/c 2 the lower limit at 95% confidence level on the chargino mass ranges from 84.5 GeV/c 2 to the kinematical limit (86.0 GeV/c 2 ), depending on the mixing parameters. This limit decreases for lower mass differences. The limit in the case of a light sneutrino is 67.8 GeV/c 2 . Upper limits on neutralino pair production cross-sections of about a picobarn are also derived. The (µ, M 2 ) domain excluded in the MSSM-GUT scenario is determined by combining the neutralino and chargino searches. These results imply a limit on the mass of the lightest neutralino which, for a heavy sneutrino, is constrained to be above 24.9 GeV/c 2 for tanβ ≥ 1. The search has also been extended to the case where the lightest neutralino is unstable and decays into a photon and a gravitino.
Introduction
Recently the LEP centre-of-mass energy reached 172 GeV, and the DELPHI experiment has collected integrated luminosities of 9.6 pb −1 and 10.2 pb −1 at 161 GeV and 172 GeV, respectively. These data have been analysed to search for charginos, neutralinos and gravitinos, predicted by supersymmetric (SUSY) models [4] .
The methods used to search for charginos and neutralinos presented in [1, 2, 3] , have remained almost unchanged since the properties of the DELPHI detector relevant to this type of search have not changed significantly. Minor changes have been introduced in order to reject the additional W pair background present at the higher energies, and to scale certain of the energy, momentum and mass values used in the selection criteria in proportion to the centre-of-mass energy.
The conservation of R-parity, implying a stable lightest supersymmetric particle (LSP), is also assumed in the present paper. While the previous papers assumed the LSP to be the lightest neutralino (χ 0 1 ) the present analysis also treats the case where the LSP is a very light gravitino (G). In the former case events are characterised by missing momentum carried by the escaping neutralinos, while in the latter case the decayχ 0 1 →Gγ is possible [5, 6, 7] . If the gravitino is sufficiently light (with a mass below about 250 eV/c
2 ) [5, 6, 7] , this decay takes place within the detector. As gravitinos escape detection, the typical signature of these SUSY events is missing momentum and isolated photons. Unless the contrary is explicitly stated, the MSSM scheme with universal GUT parameters [4] is assumed. The parameters of this model relevant to the present searches are the masses M 1 and M 2 of the gaugino sector (which are assumed to satisfy the GUT relation M 1 ∼ 0.5M 2 ), the universal mass m 0 of the scalar sector, the Higgs mass parameter µ, and the ratio tan β of vacuum expectation values. In this scheme, the chargino production cross-section at a given energy can be greatly reduced by destructive interference between the s-channel and t-channel contributions if the sneutrino mass is below 300 GeV/c 2 and the SUSY parameters take particular values [8] .
Detector description
DELPHI is a general purpose detector with a magnetic field of 1.2 T provided by a large superconducting solenoid. The detector and its performance are described in [9] .
The main tracking device is the Time Projection Chamber (TPC), which extends over radial distances from 35 cm to 111 cm. Other tracking devices used to reconstruct charged particle tracks at large angles with respect to the beam axis ('barrel region') are the Vertex Detector, the Inner Detector and the Outer Detector. For particles emerging at smaller angles ('forward region'), the forward drift chambers (FCA and FCB) supplement the TPC and the ID for track reconstruction.
The electromagnetic calorimeters in the forward region are the Forward Electromagnetic Calorimeter (FEMC), an array of lead glass blocks covering the polar angular regions 10
• < θ < 36.5
• and 143.5 • < θ < 170
• , and the STIC, a sampling electromagnetic calorimeter which covers the angular regions 1.7
• < θ < 10.6
• and 169.4 • < θ < 178.3
• . The High density Projection Chamber (HPC), the electromagnetic calorimeter in the barrel, covers the angular range 43.1
• < θ < 88.7
• and 91.3 • < θ < 136.9
• . The HPC has a total of 144 modules, each radially segmented into 9 layers.
Photon detection in the regions between the electromagnetic calorimeters is achieved using information from dedicated taggers and other detectors. The 40
• taggers are a series of photon counters, each consisting of 2 cm of lead followed by a layer of scintillator, used to veto photons that could otherwise be missed in the θ regions near 40
• and 140
• between the HPC and FEMC. Similar taggers are installed at polar angles 88
• − 92
• , between the two halves of the HPC. The Time of Flight detector (TOF), consisting of a single layer of 172 scintillation counters just outside the solenoid and covering the polar angular region 41
• < θ < 139
• , helps to increase the hermeticity in the regions in azimuthal angle between the modules of the HPC. The few azimuthal regions not covered by the TOF are equipped with another set of counters similar to the 40
• taggers. Using LEP1 data, it has been shown that the total photon detection efficiency of DELPHI is above 99% for photons of more than 5 GeV in the range 20
• < θ < 160
• [3] . The hadron calorimeter (HCAL) is segmented radially into 4 layers and covers 98% of the solid angle. Muon identification uses chambers placed between the third and the fourth HCAL layer and outside the fourth layer, covering nearly all the solid angle.
Data samples and event generators
The integrated luminosities accumulated at centre-of-mass energies of 161 GeV and 172 GeV were 9.6 pb −1 and 10.2 pb −1 , respectively. These data samples were used in the search for chargino and neutralino production as described in sections 4.1 to 4.6. The analysis of the 1995 data [1, 3] amounting to 2.92 pb −1 and 3.01 pb −1 at centre-of-mass energies of 130.4 GeV and 136.3 GeV respectively, were also used in the case of an unstable neutralino, and the results obtained at the Z resonance were included in the case ofχ 0 1G production. To evaluate the signal efficiencies and background contaminations, events were generated using several different programs. All relied on JETSET 7.4 [10] , tuned to LEP 1 data [11] , for quark fragmentation.
The program SUSYGEN [12] was used to generate chargino and neutralino signal events and to calculate cross-sections and branching ratios. These agree with the calculations of Ref. [13] . A modified version of the same program was used to generate signal events in the scenario with a light gravitino.
The background process e + e − → qq(nγ) was generated with PYTHIA 5.7 [10] , while DYMU3 [14] and KORALZ [15] were used for µ + µ − (γ) and τ + τ − (γ), respectively. To generate e + e − → e + e − events the generator of Ref. [16] was used. Processes leading to four-fermion final states, (Z/γ) * (Z/γ) * , W + W − , Weν e and Ze + e − , were also generated using PYTHIA. The calculation of the four-fermion background was verified using the program EXCALIBUR [17] , which consistently takes into account all amplitudes leading to a given four-fermion final state. EXCALIBUR does not, however, include the transverse momentum of initial state radiation.
Two-photon interactions leading to hadronic final states were generated using TWOGAM [18] , separating the VDM, QPM, and QCD components. For leptonic final states, the generators of Berends, Daverveldt and Kleiss were used [19] .
The generated signal and background events were passed through the detailed simulation of the DELPHI detector [9] and then processed with the same reconstruction and analysis programs as the real data. The simulated number of events from different background processes was several times the number in the real data; details of the signal samples generated are given in section 5.
Event selections
The criteria used to select events were defined on the basis of the simulated signal and background events. The selection of charged and neutral particles was similar to that presented in [1, 2, 3] , requiring charged particles to have momentum above 100 MeV/c and to extrapolate back to within 5 cm of the main vertex in the transverse plane, and to within about twice this distance in the longitudinal direction. Calorimeter energy clusters above 100 MeV were taken as neutral particles if not associated to any charged particle track. The particle selection was followed by different event selections for the different signal topologies. Forχ + ff ′ , the relevant visible topologies in the case of a stable neutralino are ℓ (two jets, one isolated lepton, and missing momentum), jets (multijet events with missing momentum), and ℓℓ (two leptons and missing momentum).
The search for neutralino production in the case of a stableχ + ff. These lead to  events (two jets and missing momentum) and ℓℓ events. There are differences in kinematics between chargino and neutralino events, also in the common ℓℓ topology, since the visible final state for neutralinos arises from the decay of a single particle and contains no neutrinos. This also means a larger range of accessible mass differences, Mχ0 in the chargino case. These differences led to different analyses for neutralinos and charginos.
For all these selections, described in more detail below, the background from ff events with initial state radiation was reduced by vetoing events with energetic isolated photons in the detector. Because of the missing momentum signature, radiative events with photons missing the electromagnetic calorimeters were a potentially serious background. To reduce it, events were rejected if the hermeticity detectors gave a signal which coincided in azimuth with the missing momentum. In the hadronic topologies (, ℓ, and jets), the 'scaled acoplanarity' was used in the selection. This is the acoplanarity between the planes containing each jet and the beam, when forcing exactly two jets to be reconstructed, multiplied by the lower value of sin θ jet to account for the worse definition of acoplanarity for forward jets. Fig. 1 shows the distribution of visible mass, and the logarithm of the acoplanarity for real and simulated events.
If the lightest neutralino is not stable but decays within the detector into a photon and a gravitino, then the topologies described above change by the addition of isolated energetic photons coming from the neutralino decay. Searches for such events were conducted in the chargino channels (the γγX topologies, where X stands for ℓ, jets or ℓℓ) in a way similar to the search in the MSSM scenario. In this case, however, events with isolated photons were not rejected. Instead, the presence of at least one isolated photon was required in the selection criteria, as described in section 4.4.
In the case of an unstableχ 
Chargino ℓ topology
Two different sets of selection criteria were used, optimised for different ranges of the mass difference between the chargino and the lightest neutralino, ∆M .
In the 'non-degenerate' case, ∆M > 10 GeV/c 2 , events were required to have at least three charged particles, a total multiplicity of at least 10, and a scaled acoplanarity of at least 15
• . The presence of a loosely identified electron or muon [9] of at least 3 GeV/c was required. This lepton had to be emitted at an angle of at least 20
• with respect to the axis of either jet. To reduce the W + W − background, events with an isolated lepton with a momentum greater than 30 GeV/c were rejected. Moreover, the events were required to have either an invariant mass M jj of the hadronic system (excluding the lepton) smaller than 40 GeV/c 2 , or an invariant mass reconstructed using the lepton and the missing momentum (assumed to be due to an unseen neutrino) smaller than 60(1GeV/c 2 −M jj /65). The missing transverse momentum of the event was required to be larger than 4 GeV/c. Furthermore, in order to reduce the two-photon background, events were rejected if more than 50% of the visible energy was contained within the forward and backward 20
• cones around the beam. To reject e + e − → e + e − events the electromagnetic energy was required to be smaller than 90% of the visible energy.
For the 'degenerate' case, ∆M ≤ 10 GeV/c 2 , the requirement of a minimum total multiplicity was removed, the minimum momentum of the isolated lepton was reduced to 1 GeV/c, and the minimum missing transverse momentum to 3 GeV/c. In order to compensate for the loss of purity caused by relaxing these criteria, the maximum allowed energy in the forward and backward 20
• cones was reduced to 40% of the visible energy, and events with a visible energy larger than 30 GeV or with an isolated lepton with a momentum higher than 20 GeV/c were rejected.
Chargino jets topology
In the non-degenerate case (∆M > 10 GeV/c 2 ), events were selected by requiring charged and total multiplicities of at least 3 and 10 respectively, and the absence of isolated leptons as defined in section 4.1. A forced two-jet reconstruction was then applied and the scaled acoplanarity was required to be greater than 20
• , while both jet axes had to point in the polar angular region 24
• < θ < 156
• . The energy in the forward and backward 20
• cones was required to be below 50% of the visible energy. The missing transverse momentum of the event (relative to the beam axis) had to be above 5 GeV/c and the polar angle of the missing momentum had to be in the region 30
• < θ p miss < 150
• . Finally, a visible mass below 68 GeV/c 2 was required, and non-hadronic events were rejected by requiring the electromagnetic energy to be smaller than 90% of the visible energy.
In the degenerate case (∆M ≤ 10 GeV/c 2 ), there was no requirement of a minimum total multiplicity. Events were required to have at least five charged particles, and no isolated lepton with momentum above 3 GeV/c. The scaled acoplanarity had to be above 40
• cones had to be below 25% of the visible energy. The missing transverse momentum of the event had to be above 5 GeV/c and the polar angle of the missing momentum had to be in the region 30
• . The energy deposited in the electromagnetic calorimeters had to be below 90% of the visible energy, and the visible mass below 25 GeV/c 2 .
Chargino ℓℓ topology
The first steps in the selection were identical for the degenerate and non-degenerate cases. At least two well reconstructed charged particle tracks originating from the vertex region were required and the total multiplicity had to be eight or less. If neither of the two most energetic charged particles had associated hits in the muon chambers the difference in θ between these two particles had to be at least 5
• . The energy detected in the electromagnetic and hadronic calorimeters had to be less than 50 GeV and 40 GeV, respectively, and the energy in the forward and backward 30
• cones was required to be below 50% of the visible energy. The visible energy was required to be less than 62.5 GeV and 12 GeV in the non-degenerate and degenerate case, respectively, and in the degenerate case the visible mass was required to be less than 8 GeV.
In order to reduce the W pair background, the the most energetic well reconstructed particle originating from the vertex region was required to have a momentum below 30 GeV/c and 6 GeV/c in the non-degenerate case and degenerate case, respectively.
Background γγ → τ + τ − events with 1-prong decays of the τ 's gave two nearly backto-back tracks in the transverse plane because of the low Q-value of the τ decay. To reject such background the momenta of the two most energetic particles were projected onto the plane transverse to the beam. The projected momenta were used to define a thrust axis, and their vector sum perpendicular to this axis was calculated. Its square was required to exceed 0.4 GeV 2 /c 2 . In the case of more than two charged particles, the selection was completed by requirements on acoplanarity, visible mass, and missing transverse momentum: The acoplanarity was required to be between 10
• and 160
• . The visible mass had to be greater than 4 GeV/c 2 and, in the degenerate case, less than 8 GeV/c 2 . The missing transverse momentum, finally, was required to exceed 5 GeV/c and 4 GeV/c in the non-degenerate and degenerate case, respectively.
In the case of exactly two charged particles it was required that the acoplanarity had to be at least 20
• , and that the azimuthal angle of the missing momentum had to be outside ±5
• of any energy deposit in the STIC. This was to reject background arising from the poor energy measurement for low-angle hadrons in that detector.
In this case it was also required that the invariant mass of the two charged particles was greater than 4 GeV/c 2 and that the missing transverse momentum exceeded 5 GeV/c. The acoplanarity had to exceed 20
• , the momentum of the second most energetic particle was required to be greater than 0.5 GeV/c and the energy in the forward and backward 30
• cones had to be smaller than 20% of the visible energy.
Chargino γγX topologies
A special analysis was performed to search for the charginos in the case of an unstablẽ χ 0 1 , decaying into a photon and a light gravitino. The selection is also sensitive to cascade decays ofχ . Since the presence of one or two isolated photons is a very discriminating signal no distinction was made between the different chargino decay topologies (ℓ, jets, and ℓℓ). In a first step, events were selected if they contained at least one energetic isolated photon and
• the photon polar angles, θ γ , satisfied 15
• the photon energies exceeded 5 GeV,
• the angles of isolation between each photon and any other well reconstructed neutral or charged particle were greater than 15
• .
In the non-degenerate case, at least one charged particle was required. The total visible mass had to be smaller than 130 GeV/c 2 , the energy of the most energetic isolated photon smaller than 45 GeV, and the momentum of the most energetic charged particle smaller than 30 GeV/c. Then, depending on whether only one photon or two or more photons with the above characteristics were detected, different selection criteria were applied. If two or more isolated photons were observed, the only further requirement was that the scaled acoplanarity had to be greater than 5
• . If only one isolated photon was detected, it was required that the scaled acoplanarity be greater than 15
• , the missing transverse momentum greater than 5 GeV/c, and the electromagnetic energy less than 90% of the total calorimetric energy.
Also in the degenerate case, at least one charged particle was required. The missing transverse momentum had to be greater than 5 GeV/c, the scaled acoplanarity greater than 5
• , and the polar angle of the missing momentum had to satisfy 10
• . The momentum of the most energetic charged particle was required to be smaller than 30 GeV/c. In addition, the energy of the most energetic isolated photon, as defined above, had to lie between 15 GeV and 45 GeV. The visible mass of the event, excluding the isolated photons, had to be smaller than 50 GeV/c 2 . The percentage of energy in the forward and backward 30
• cones had to be smaller than 70% and the total electromagnetic energy, excluding the energy of the most energetic isolated photon, had to be below 70 GeV.
Neutralino  topology
In order to select hadronic events at least five particles were required, and at least two of these had to be charged. Jets were reconstructed using the LUCLUS algorithm [10] , with a minimum transverse jet separation, d join = 10 GeV/c. Exactly two such jets were required, each containing at least one well reconstructed charged particle, and satisfying 20
• < θ jet < 160
• . To reject background from W + W − production, no isolated charged particle with energy greater than 3 GeV and at an angle of more than 10
• away from the nearest jet was allowed.
To reject Zγ and two-photon background, several criteria were used. The total energy of particles emitted within 30
• of the beam was required to be smaller than 40% of the total visible energy, the polar angle of the missing momentum had to satisfy 20
• < θ p miss < 160
• , and the missing transverse momentum had to exceed 5.5 GeV/c. The invariant mass of visible particles was required to be less than 0.55 √ s/c 2 , and the missing mass to exceed 0.25 √ s/c 2 . The scaled acoplanarity had to exceed 10
• . In addition, events were required to satisfy at least one of the following three sets of criteria, sensitive to different ranges of Mχ0
2 ): The invariant mass of visible particles was required to be less than 0.1 √ s/c 2 , the missing mass had to exceed 0.7 √ s/c 2 , and the scaled acoplanarity had to be greater than 40
• Intermediate Mχ0
The invariant mass of visible particles was required to be less than 0.4 √ s/c 2 , and the missing mass had to exceed 0.5 √ s/c 2 . The total energy of particles in the forward and backward 30
• cones was required to be smaller than 25% of the total visible energy, The polar angle of missing momentum should satisfy 30
• . In addition, the scaled acoplanarity and the missing transverse momentum had to exceed 30
• and 7.5 GeV/c, respectively. More than six particles were required.
• Large Mχ0
2 ): More than eight particles were required, the polar angle of the missing momentum was required to satisfy 30
• , and the missing transverse momentum to be greater than 15 GeV/c.
Neutralino ℓℓ topology
To select the di-lepton topology, exactly two well reconstructed, isolated, oppositely charged particles with momenta above 1 GeV/c and polar angles in the range 20
• were required. One particle or both should be at least loosely identified as an electron or muon according to [9] , and no more than 40% of the centre-of-mass energy should be associated with either particle. The total energy of particles in the forward and backward 30
• cones had to be less than 30% of the visible energy, and the polar angle of the missing momentum had to satisfy 20
• . To reject e + e − → e + e − events, the acoplanarity between the two selected particles was required to exceed 10
• . In order to reject background from e + e − →qq(γ) events and two-photon interactions, the total multiplicity of the event was required to be seven or smaller and the energy deposited in the STIC had to be less than 12 GeV.
The transverse momentum of the pair of particles had to exceed 7 GeV/c if the missing energy of the event exceeded 30% of √ s, otherwise the transverse momentum had to exceed 25 GeV/c and the acoplanarity between the two selected tracks was required to be greater than 40
• . If the missing energy of the event was greater than 130 GeV, this requirement was relaxed to 5.5 GeV/c and, in addition, the acoplanarity between the two selected tracks was required to be greater than 15
• . The different requirements for high missing energy were optimised for low Mχ0 
Finally, W
+ W − events were rejected by requiring the momentum of the more energetic of the two particles to be outside the range from 33 GeV/c to 47 GeV/c for the data taken at 161 GeV and outside the range from 40 GeV/c to 60 GeV/c for the data taken at 172 GeV.
Neutralino single-γ topology
Anomalous production of single-photon events in DELPHI has been searched for at centreof-mass energies √ s≈ 91 GeV, 130 GeV -136 GeV, 161 GeV, and 172 GeV. The data taken at the peak of the Z resonance are included here because of the large integrated luminosity collected in this energy region. When interpreted in terms ofχ 0 1χ 0 2 production withχ 0 2 →χ 0 1 γ these data also have an impact on the lower limit on the neutralino mass. The analyses of the data collected at √ s≈ 91 GeV and 130 GeV -136 GeV are described in [20] and [21] . The analysis applied to the 161 GeV and 172 GeV data is similar to that of Ref. [21] . For all the centre-of-mass energies considered, the main standard model background consists of photons arising from initial state radiation in e + e − →ννγ events. As the background is strongly peaked in the forward region, only single-photon events with the photon detected in the barrel part of the electromagnetic calorimeter (HPC) were considered in the search for the e + e − →χ 0 1G process. The distribution of recoil mass in the selected single-photon events at 161 GeV and 172 GeV is shown in Fig. 2 , together with that expected for the background.
Results

Results in case of a stable neutralino
Efficiencies and selected events
The total number of background events expected in the different topologies is shown in tables 1 and 2, together with the number of events selected in the data at √ s = 161 GeV and 172 GeV. The efficiencies of the chargino selections in sections 4.1 to 4.3 were estimated using 22 combinations ofχ ≈ 60 GeV/c 2 ) and with ∆M ranging from 3 GeV/c 2 to 77 GeV/c 2 . A total of 86000 chargino events was generated and passed through the complete simulation of the DELPHI detector. In addition, 126000 such events were simulated for 63 different parameter combinations in the region of low |µ| and M 2 , for which a special study was carried out (see section 5.1.2). Fig. 3 shows the detection efficiencies at 172 GeV Neutralino channels Section:
Chargino channels
4 Table 2 : The number of events observed and the expected number of background events in the different neutralino search channels under the hypothesis of a stable neutralino (sections 4.5 and 4.6). The two events selected in the  topology at 161 GeV are the same as in the non-degenerate selection of the chargino jets topology.
for the three channels, considering for each channel all three topological searches. The jets search gives the largest contribution to the efficiency for another channel, increasing the efficiency for the ℓ channel by ∼30% [3] . The overall detection efficiencies are shown in Fig. 3d . For large ∆M there is a gain in efficiency from the inclusion of the decayχ In the 161 GeV data two hadronic events were selected, with both events satisfying both the neutralino  selection criteria and the chargino jets criteria for the nondegenerate case. One of these events is shown in Fig. 5 . The best estimate for the invariant mass of the two-jet system in this event, corrected for particle losses, is (72±11) GeV/c 2 , with a recoil mass of (59±19) GeV/c 2 . The most probable explanation of this event is t-channel Weν production where the electron is lost. The expected number of such events selected is 0.6. In the second event selected, both jets point to the regions of incomplete calorimeter coverage at θ ≈ 40
• . Hence the missing transverse momentum is likely to be an instrumental effect. In addition, one event was selected in the neutralino ℓℓ topology. The transverse momentum of this event is just above the minimim accepted by the selection, and it is most likely a two-photon interaction.
In the 172 GeV data three hadronic and two leptonic events were selected, consistent with the expected Standard Model background. One is a likely W + W − event with one W decaying hadronically, the other into τ ν, the other two hadronic events and one leptonic event have low transverse momenta and are most likely two-photon interactions. The remaining leptonic event has high visible mass and could be due to a W + W − pair with both bosons decaying leptonically.
Limits
The limit on the luminosity-weighted chargino pair production cross-section at √ s = 161 GeV and 172 GeV is 0.64 pb in the non-degenerate case and 1.90 pb in the degenerate case (∆M = 5 GeV/c 2 ). These limits assume a direct decay of the chargino into the neutralino. Since the expected cross-section depends strongly on the sneutrino mass two different cases were considered: 41 GeV/c 2 < Mν < 100 GeV/c 2 and Mν > 300 GeV/c 2 . In the case of a sneutrino with a mass below the chargino mass the cross-section limits depend on the mass difference between chargino and sneutrino in a way similar to the dependence on the chargino-neutralino mass difference for a heavier sneutrino.
For the non-degenerate case (∆M > 10 GeV/c 2 ), Fig. 6 shows the chargino production cross-sections as obtained in the MSSM at √ s = 172 GeV for different chargino masses. The parameters M 2 and µ were varied randomly in the ranges 0 GeV/c 2 < M 2 < 800 GeV/c 2 and -400 GeV/c 2 < µ < 400 GeV/c 2 for three different values of tan β, namely 1, 1.5 and 35.
In the case of a large sneutrino mass (>300 GeV/c 2 ), the lower limit for the chargino mass which corresponds to the upper limit on the cross-section at √ s = 172 GeV of 0.75 pb is in the range between 84.5 GeV/c 2 (for a mostly higgsino-like chargino) and the kinematic limit (for a mostly wino-like chargino).
For low sneutrino masses, a combination of the 172 GeV data and the 161 GeV data, taking into account the different efficiencies and the different dependence of the crosssection on the chargino and on the sneutrino masses, gives a better limit than 172 GeV data alone. Using the number of expected signal and background events in the combined data from 161 GeV and 172 GeV together with the experimental upper bound of 4.68 events, the lower limit on the chargino mass of 67.8 GeV/c 2 shown in Fig. 6 was derived. In the degenerate case (∆M = 5 GeV/c 2 ), the cross-section does not depend significantly on the sneutrino mass, since the chargino is higgsino-like. Fig. 7 shows the plot of cross-section versus mass for the same variation of parameters as in Fig. 6 . The lower limit obtained for the chargino mass is 80.0 GeV/c 2 . In the extremely degenerate case of ∆M = 3 GeV/c 2 , the corresponding mass limit is 52.4 GeV/c 2 . These mass and cross-section limits are summarized in Table 3 . The excluded region in the plane of neutralino mass versus chargino mass is shown in Fig.8 .
The limits on cross-sections, and hence on masses, given above do not apply in the very special case of small |µ| and M 2 and tan β close to unity. In this region ∆M can become very large and since the second lightest neutralino tends to be lighter than the chargino cascade decays viaχ 0 2 become important. In addition, close to µ = M 2 = 0 the chargino has the mass of a W and decays into a semi-real W and a low energy neutralino of low mass. This leads to a non-reducible background from W + W − production. A special study of this region was carried out. A total of 63 points for different tan β were simulated, corresponding to a total of 126000 chargino events. These points were used to parametrise the efficiencies of the selection criteria described in sections 4.1 to 4.4 in terms of ∆M and the mass of the chargino. Then a large number of SUSY points were investigated and the values of ∆M , the chargino and neutralino masses and the various decay branching ratios were used together with the parametrised efficiencies to find the region excluded by a combination of all the selections.
The analysis described in section 4.4, developed for the case of an unstableχ However, close to µ = M 2 = 0 both analyses fail since ∆M is large while the neutralino mass difference, and hence the photon energy, is small. In this case the chargino events would resemble W + W − events, and from the observed rate of W + W − events in DELPHI [22] an absolute upper limit at 95% confidence level on the chargino production of 3.1 pb was derived for those points not otherwise excluded. Since the predicted chargino cross-section in all these points is above 3.5 pb the entire region can be excluded for m 0 = 1 TeV/c 2 . In summary, a chargino with mass below 84.3 GeV/c 2 can be ruled out at 95% confidence level also for small |µ| and M 2 and tan β ∼ 1.
Scenario
Light sneutrino Heavy sneutrino Efficiency M Table 3 : 95% confidence level limits for the chargino mass and pair production cross-section at 172 GeV for the non-degenerate and a highly degenerate scenarios. The cases of a stableχ 0 1 and χ 0 1 →Gγ, as well as a light (41 GeV/c 2 < mν < 100 GeV/c 2 ) and a heavy (mν > 300 GeV/c 2 ) sneutrino, are considered.
The limits obtained for theχ 
Results in case of an unstable neutralino
Efficiencies and selected events
In order to compute the efficiency of the chargino selection in the case of an unstable neutralino decaying into a photon and a gravitino a total of 15000 events was generated for the same combinations of Mχ± 1 and Mχ0 1 as above. As mentioned in section 4.4, the same selection applies to all topologies. The efficiency, as shown in Fig. 10 , is stable and around 50%. Note that, due to the presence of the photons from the neutralino decay, the region of high degeneracy (down to ∆M = 1 GeV/c 2 ) is fully covered. No events were found at any of the centre-of-mass energies (130-136 GeV, 161 GeV, and 172 GeV). The total expected background is 1.5±0.4 events.
In the search forχ 0 1G production, the data showed no excess of single-photon events. At √ s≈ 91 GeV [20] , the analysis in the barrel region of the DELPHI detector (| cos θ γ | < 0.7, where θ γ is the photon polar angle) yielded 11 events with E γ > 10 GeV, four of which had E γ > 15 GeV. No events with photon energy greater than 22 GeV were found in the data. The expected number of events from the reaction e + e − →ννγ in the case of three neutrino generations is 8.2 and 2.9 for photon energies above 10 GeV and 15 GeV, respectively. Table 4 : The number of events observed and the expected number of background events in the unstable neutralino single-γ topology. As explained in the text, different selection criteria were applied for the data taken at different centre-of-mass energies.
If theχ 0 1 lifetime is long enough for the decay to take place far from the interaction region the efficiency could be considerably reduced. This is because the shower axis reconstructed in the HPC was required to point to within 15
• of the beam interaction region in order to suppress noise and cosmic interactions. For the process e + e − →χ 0 1G to occur with a significant cross-section, however, the gravitino has to be lighter than about 10 −5 eV/c 2 [23] , and in this case the neutralino lifetime is negligibly short.
Limits
The chargino cross-section limits corresponding to the case where the neutralino is unstable and decays viaχ 0 1 →Gγ are also shown in Figs. 6 and 7. In the non-degenerate case the chargino mass limits at 95% confidence level are 84.5 GeV/c 2 and 71.8 GeV/c 2 for a heavy and light sneutrino, respectively, while in the degenerate case (∆M = 1 GeV/c 2 ) the limit is 84.5 GeV/c 2 . The upper limit at 95% confidence level on the cross-section σ(e + e − →χ 0 1G ) wheñ χ 0 1 →Gγ is shown in Fig. 11 as a function of Mχ0   1 for different values of the centre-ofmass energy. The limits assume that the neutralino decays close to the beam spot and that the branching ratio BR(χ 0 1 →Gγ) is 100%.
Constraints on MSSM parameter space
The result of the searches for charginos and neutralinos in the ℓ, jets, , and ℓℓ topologies can be interpreted in the MSSM with universal GUT scale parameters. By evaluating the appropriate efficiency, cross-section, and branching ratio for each channel as functions of M 2 , µ, and tan β, the number of expected signal events can be calculated. Taking also the expected background and the number of events actually observed into account yields the exclusion regions in the (µ, M 2 ) plane shown in Fig. 12 for different values of tan β. These limits, based on data taken at √ s =161 GeV and 172 GeV, improve on previous limits from √ s = 130-136 GeV, and represent a significant increase in range as compared to LEP 1 results [24] . The neutralino analysis independently excludes a substantial part of the region covered by the chargino search, and marginally extends this region for low tan β. Note that the neutralino masses, and hence the regions in the (µ,M 2 ) plane excluded by the neutralino search, depend directly on the assumed GUT relation M 1 /M 2 = 0.5. The region excluded by the chargino search on the other hand depends on this ratio only via the effect of decay kinematics on the efficiency. While the Mχ0 Under the assumption that M 1 /M 2 ≥ 0.5, the exclusion regions in the (µ,M 2 ) plane can be translated into a limit on the mass of the lightest neutralino. This limit depends on tan β, and for tan β close to one it may be improved by including limits on the process Z →χ 0 1χ 0 2 →χ 0 1χ 0 1 γ. These were derived from the DELPHI results on single-photon production at LEP1 discussed above [20] . For each (µ,M 2 ) combination the number of single-photon events compatible with Mχ0 1 and Mχ0 2 , the number expected from the Standard Model background, and the energy-dependent efficiency were used in order to establish an upper limit on the cross-section times branching ratio. The excluded region for tan β = 1 is shown in Fig. 13 together with the regions excluded by the higher energy data and the Mχ0 1 = 24.9 GeV/c 2 contour corresponding to limit on Mχ0 1 for this tan β. 
Summary
Searches for charginos and neutralinos at √ s = 161 GeV and 172 GeV allow the exclusion of a large domain of SUSY parameters. Unless the lightest chargino and the lightest neutralino are very close in mass 1 , the existence of a chargino lighter than 67.8 GeV/c can be completely excluded, irrespective of the value of the sneutrino mass. Assuming a difference in mass between chargino and neutralino, ∆M , of 10 GeV/c 2 or more, and a sneutrino heavier than 300 GeV/c 2 , this limit can be extended to 84.5 GeV/c 2 . If a gaugino-dominated chargino is assumed in addition, the kinematical limit is reached. If ∆M is between 5 GeV/c 2 and 10 GeV/c 2 , the lower limit on the chargino mass becomes 80.0 GeV/c 2 , independent of the sneutrino mass, while for ∆M =3 GeV/c 2 it falls to 52.4 GeV/c 2 . In the case of small |µ| and M 2 for tan β close to one a dedicated study gives a limit on the chargino mass of 84.3 GeV/c 2 at 95% confidence level. Limits on the cross-section forχ 0 1χ 0 2 production of about 1 pb are obtained, and the excluded region in the (µ,M 2 ) plane is extended by the combined use of the neutralino and chargino searches. This may be interpreted as a limit on the mass of the lightest neutralino, valid in the case of large m 0 , of 24.9 GeV/c 2 at 95% confidence level. A specific search was performed assuming the decay of the lightest neutralino into photon and gravitino, leading to upper limits on theχ 0 1G production cross-section of about 1.5 pb in this case. In the same scenario, a dedicated search forχ Figure 1 : Distributions of invariant mass and the logarithm of acoplanarities for real data events (points) and simulated events (histograms), selected by requiring multiplicity below eight and two isolated tracks ('leptonic selection', left), and requiring at least four charged particles and transverse energy above 5 GeV ('hadronic selection', right). In all cases the transverse momentum was required to exceed 4.5 GeV/c and the energy in the forward and backward 30
• cones had to be less than 50% of the total visible energy. 2 ) has been assumed in the upper plot and a light sneutrino (41 GeV/c 2 < mν< 100 GeV/c 2 ) in the lower one. The upper plot shows the limit on the cross-section and the corresponding chargino mass limit for the two different LSP scenarios. In the lower plot the mass limits shown were derived from a combination with lower energy data, and the cross sections indicated are the minimum ones in the excluded mass region. The case of small |µ| and M 2 for tan β = 1 is discussed in detail in section 5.1.2. 
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